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Description
BACKGROUND

[0001] Nanopipettes have been developed to detect
biomolecules in a liquid sample. Current nanopipette
sensors have a single funnel-shaped structure with probe
molecules on the inner wall of the structure. The nano-
pipette sensor is immersed in a liquid sample, and an
electric field is applied to the sensor. Target molecules
bind to the probe molecules when the electric field is ap-
plied at a specific voltage. This binding causes a detect-
able current change across the nanopipette sensor.
[0002] Current nanopipette sensors fashioned from
quartz glass capillary tubes suffer from significant short-
comings. They are difficult to fabricate and manufacture
at scale. They are also fragile and easily broken. In ad-
dition, individual nanopipettes are highly variable and
must be individually calibrated for accurate results. Na-
nopipette tips also show chemical and electrical degra-
dation after repeated use, which seriously compromises
performance and limits reuse.

US 2016/282326 describes devices containing free-
standing, ultra thin (<10 nm thick) membranes and meth-
ods of making such devices.

SUMMARY

[0003] A nanosensor chip for detecting or quantifying
target molecules in a liquid sample is the first aspect of
the presentinventionandis providedin claim 1. A method
for detecting or quantifying target molecules in a liquid
sample is the second aspect of the present invention and
is provided in claim 9. Preferred embodiments are pro-
vided in the dependent claims. Any embodiments of the
disclosure below which are not encompassed by the
claims are provided for reference only.

A nanosensor chip for detecting and/or quantifying target
molecules In a liquid sample is disclosed herein. The
nanosensor chip includes a semiconductor substrate
with one or more compound nanopores formed in the
semiconductor substrate. Each compound nanopore is
an aperture that includes multiple nanopores, each of
which is functionalized with immobilized probe mole-
cules. The probe molecules are used to detect the target
molecules in the liquid sample. A compound nanopore
is referred to herein as a "compore."

[0004] Each compore has a corresponding electrode
structure on the semiconductor substrate. The electrode
structure has a shape and position relative to the com-
pore that enable the electrode structure to apply an elec-
tric field across all of the nanopores in the compore. The
electrode structure also provides a conductive path for
detecting an aggregate current through all of the nano-
pores in the compore. The detected aggregate current
changes in response to target molecules in the liquid
sample binding to the probe molecules, which binding is
a function of the applied electric field.

10

15

20

25

30

35

40

45

50

55

[0005] Forexample, if the liquid sample includes some
of the target molecules (e.g., a particular viral protein in
a biofluid sample), when a specific electric field (or volt-
age) is applied across the compore, the target molecules
bind to probe molecules in the nanopores. The probe
molecules that functionalize the compore are selected to
bind to the particular target molecule when a specific
electric field is applied. The binding of the target mole-
cules to the probe molecules changes the electrical char-
acteristics of the nanopore openings, which creates a
change in the aggregate current through the compore. A
given probe molecule-target molecule pairing binds in
the presence of a particular electric field strength or range
of electric field strengths. If the liquid sample does not
include the target molecule and the electric field is ap-
plied, there will be no aggregate current change. In ad-
dition, if an electric field different from the particular elec-
tric field strength orrange is applied, the target molecules
do not bind to the probe molecules and there is no ag-
gregate current change.

[0006] The compore structure provides a greater level
of reliability than prior nanopipette sensors. For example,
if one of the nanopores in the compore is blocked or
clogged, an aggregate current change is detected based
on the binding of the target molecules to the probe mol-
ecules in the other, unblocked nanopores. Furthermore,
if the nanopores in a given compore are not uniformly
functionalized with the probe molecules, e.g., some na-
nopores have a higher concentration of probe molecules
and other nanopores have a lower concentration of probe
molecules, the change in aggregate current across all of
the nanopores averages out the variations in concentra-
tion when detecting the presence of target molecules in
liquid sample. Because of this greater reliability, the com-
pore sensor is more accurate and reliable than prior na-
nopipette sensors.

[0007] Nanosensor chips may have other advantages
over nanopipette technology. In particular, nanosensor
chips can be efficiently and inexpensively manufactured
at scale. An entire wafer of chips may be functionalized
with probe molecules simultaneously, where the prior na-
nopipettes are indivudally functionalized. Due to im-
proved consistency, asingle chip can be used to calibrate
an entire wafer of chips, instead of individually calibrating
the nanopipettes.

[0008] Other aspects include components, devices,
systems, improvements, methods, processes, applica-
tions, and other technologies related to any of the above.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009]

Figure (FIG.) 1 is a top view of a nanosensor chip
with multiple compores.

FIG. 2 is a perspective view of an individual compore.
FIG. 3A is a top view of an individual compore.
FIG. 3B is a cross section of the compore shown in
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FIG. 3A.

FIG. 4 is a cross-section of a single nanopore within
a compore.

FIGs. 5A and 5B are cross-sections that show oper-
ation of a nanopore.

FIGs. 6A and 6B are graphs that illustrate operation
of a compore.

FIG. 7 is a top view showing a first alternative ar-
rangement of nanopores within a compore.

FIG. 8 is a top view showing a second alternative
arrangement of nanopores within a compore.

FIG. 9 is a cross-section of a compore fabricated
using semiconductor technology.

FIG. 10 is a block diagram of a detection system that
includes a nanosensor chip.

DETAILED DESCRIPTION

[0010] The Figures (FIGs.) and the following descrip-
tionrelate to preferred embodiments by way of illustration
only. It should be noted that from the following discussion,
alternative embodiments of the structures and methods
disclosed herein will be readily recognized as viable al-
ternatives that may be employed without departing from
the principles of what is claimed.

[0011] Reference will now be made in detail to several
embodiments, examples of which are illustrated in the
accompanying figures. It is noted that wherever practi-
cable similar or like reference numbers may be used in
the figures and may indicate similar or like functionality.
The figures depict embodiments of the disclosed nano-
sensor chip for purposes of illustration only. One skilled
in the art will readily recognize from the following descrip-
tion that alternative embodiments of the structures and
methods illustrated herein may be employed without de-
parting from the principles described herein.

[0012] Figure (FIG.) 1 is a top view of a nanosensor
chip 100 with multiple conical compound nanopores 120,
also referred to as compores 120. The nanosensor chip
100 is formed from a semiconductor substrate 110, e.g.,
a silicon or gallium arsenide (GaAs) substrate. Alterna-
tive substrates can be used instead, such as glass, plas-
tic, film and other materials. One or more compores 120
are formed in the semiconductor substrate 110. A com-
pore 120is an aperture formed in the semiconductor sub-
strate 110 that includes multiple nanopores 130. The na-
nopores 130 form holes extending through the semicon-
ductor substrate 110. The nanopores 130 have openings
at a top of the compore 120 (shown in FIG. 1) and at a
bottom of the compore 120 on the reverse side of the
nanosensor chip 100 (not visible in FIG. 1). The nanop-
ores 130 of the compore 120 are functionalized with im-
mobilized probe molecules and collectively form an ap-
erture through the semiconductor substrate 110. The
compore 120 may have a maximum width between 1
micron and 1000 microns. The compore 120 is brought
into contact with a liquid sample, for example it may be
positioned vertically between sample and buffer reser-
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voirs. It can be used to detect whether or not one or more
target molecules are present in the liquid sample and/or
to quantify the concentration of target molecules in the
liquid sample, based on binding of the target molecules
to the probe molecules.

[0013] The compore 120 can be used to assay any
liquid sample, e.g., asample ofblood, saliva, spinal liquid,
urine, food, beverage, water, etc., in which a target mol-
ecule of interest may be present. Different nanosensor
chips 100, and different compores 120 within a single
nanosensor chip 100, may be configured to assay differ-
ent types of liquid samples and to detect one or more
types of target molecules within the liquid sample. For
example, one nanosensor chip 100 may be configured
to test for a set of antibodies in blood samples, while
another nanosensor chip 100 is configured to test for a
set of contaminants in water samples.

[0014] Each of the nanopores 130 in a compore 120
is functionalized with immobilized probe molecules. Each
nanopore 130 has a sidewall extending between the two
openings, and probe molecules are affixed to the sidewall
of the nanopore 130. An example arrangement of probe
molecules within a nanopore 130 is shown in FIGs. 5A
and 5B. The probe molecules may be selected for de-
tecting a particular type of target molecule or set of target
molecules in a liquid sample, e.g., to detect a particular
antibody or set of antibodies in a blood sample, or to
detect a particular contaminant in water. The probe mol-
ecules have a binding affinity to the target molecules,
such thatin the presence of a specific electric field, target
molecules in a sample bind to the probe molecules. The
target molecules may reversibly bind to the probe mole-
cules, sothatwhenthe electricfield is removed, the target
molecules release from the probe molecules. Examples
of probe molecules include antibodies, antibody analogs,
proteins, aptamers, polymers, oligonucleotides, and na-
nobodies.

[0015] Each compore 120 has a corresponding elec-
trode structure 140 laid out on the semiconductor sub-
strate 110. The electrode structure 140 has a shape and
a position relative to the compore 120 suitable to apply
an electric field across all of the nanopores 130 in the
compore 120. The electrode structure 140 also provides
a conductive path for conducting an aggregate current
that passes through the nanopores 130 in the compore
120. For example, the electrode structure 140 may in-
clude one or more electrodes on the top of the compore
120 (as shown in FIG. 1) and one or more electrodes on
the reverse side of the compore 120 (not visible in FIG.
1). Exemplary electrode structures are shown in FIGs. 3
and 9. The electrode structure 140 may connect to cir-
cuitry located on the nanosensor chip 100 for supplying
a voltage source for the electric field and/or detecting the
aggregate current. Alternatively, the electrode structure
140 may connect to an off-chip source and/or detector.
[0016] When the liquid sample includes the target mol-
ecule and the correct electric field is applied across the
compore 120, the target molecules bind to the immobi-
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lized probe molecules in the nanopores 130. This binding
changes an aggregate current that passes through the
compore 120. The aggregate current flows through the
electrode structure 140 to a current detector on the na-
nosensor chip 100 or connected to the nanosensor chip
100. A change in the aggregate current through all of the
nanopores 130 of a compore 120 indicates the presence
of the target molecules in the liquid sample. An amount
by which the aggregate current changes may be used to
determine a concentration or quantity of the target mol-
ecules in the liquid sample. By contrast, if the particular
electric field is applied to the compore 120 but no aggre-
gate current change is detected, this indicates that the
target molecules are not present in the liquid sample.
[0017] Because each compore 120 includes multiple
nanopores 130 that experience the same electric field
and the aggregate current through all of the nanopores
is detected, the compore 120 has a greater reliability than
previous nanosensors. For example, even if one or a few
of the nanopores 130 are blocked or clogged, the aggre-
gate current through the set of nanopores 130 in the com-
pore 120 still changes in response to the target molecules
in the liquid sample binding to the probe molecules in the
presence of the electric field. Similarly, the change in
aggregate current through the set of nanopores 130 can
still be detected even if the nanopores are not uniformly
functionalized, e.g., if some nanopores have more im-
mobilized probe molecules than other nanopores. In ad-
dition, using multiple nanopores 130 increases the
number of different types of target molecules that a single
compore 120 can be used to detect, because the nano-
pores 130 can be functionalized with multiple different
types of probe molecules. Configurations with multiple
types of probe molecules are described furtherin relation
to FIGs. 5A and 5B.

[0018] The nanosensor chip 100 depicted in FIG. 1 in-
cludes four compores 120. In other arrangements, the
nanosensor chip 100 may include any number of com-
pores, e.g., one, four, sixteen, or many hundreds or even
thousands of compores. Two compores 120 on the na-
nosensor chip 100 may test the same liquid sample or
different liquid samples. The compores on the nanosen-
sor chip 100 may be identical, or some or all of the com-
pores may be different from each other. For example,
two compores 120 on a single nanosensor chip 100 may
have different sizes, different shapes, different numbers
of nanopores, nanopores with different sizes or shapes,
or nanopores with different probe molecules. Including
different compores on a single nanosensor chip 100 en-
ables a single nanosensor chip 100 to perform multiple
different tests, e.g., to test for multiple different target
molecules, to test with different sensitivities, or to include
controls to verify the accuracy and to authenticate the
nanosensor chip 100. Including multiple identical com-
pores on a single nanosensor chip 100 may be used to
improve the accuracy and reliability of a single nanosen-
sor chip 100.

[0019] InFIG. 1, each compore 120 onthe nanosensor
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chip 100 may be individually addressed using its respec-
tive electrode structure 140. Because each compore 120
has a separate electrode structure 140, the aggregate
current through each compore 120 can be individually
measured by a current detector connected to the elec-
trode structure 140. In some embodiments, each elec-
trode structure 140 is also used to individually apply an
electric field across each respective compore 120. In oth-
er embodiments, the electrode structure for applying the
electric field across a compore is distinct from the elec-
trode structure used to measure the aggregate current
through a compore. In such embodiments, the electrode
structures for applying the electric fields may be connect-
ed for two or more compores, so that the same electric
field or voltage can be applied to multiple compores si-
multaneously.

[0020] FIG. 2 is a perspective view of an individual
compore 120, but not showing the electrode structure.
FIG. 2 shows the structure of the compore 120 in greater
detail. The compore 120 has a central region 210 that is
thinner than the semiconductor substrate 110. The nan-
opores 130 are formed within this thinned central region.
For example, the central region 210 may be thinned to a
thickness of less than 1 micron. The thickness of the cen-
tral region 210 is also the height of the nanopores 130
formed within the compore 120. In a nanosensor chip
with multiple compores, such as the nanosensor chip 100
shown in FIG. 1, the thinned regions of the compores are
separated from each other by unthinned regions. If de-
sired, this may be used to maintain separation between
the liquid samples of different compores and to maintain
isolation between the voltages and currents of different
compores.

[0021] Between the top of the central region 210 and
the top of the semiconductor substrate 110, the compore
120 has a compore sidewall 220. The compore sidewall
220 is depicted as being sloped, but it may be straight,
curved, or have some other arrangement. In some em-
bodiments, the liquid sample may be placed in the de-
pression formed by the central region 210 and the com-
pore sidewall 220, with a buffer solution on the other side
of the compore 120. In other embodiments, the nanosen-
sor chip 100 may be positioned vertically between two
reservoirs, one containing buffer solution and the other
containing the liquid sample.

[0022] Various other configurations for applying a lig-
uid sample to the compore 120 may be used. For exam-
ple, the opposite side of the compore 120 may be ex-
posedtothe liquid sample instead. In such embodiments,
the portion of the compore 120 surrounded by the com-
pore sidewall 220 may receive a liquid buffer.

[0023] FIG. 3A is a top view of an individual compore
120. FIG. 3A shows an exemplary arrangement of nan-
opores 130 in a compore 120. Adjacent nanopores 130
are separated by some spacing 230. The spacing dis-
tance 230 between two adjacent nanopores in a single
compore 120 may be, for example, between 1 nanometer
and 100 microns. In the example shown in FIG. 3A, the
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compore 120 has ten nanopores 130. In other embodi-
ments, a compore 120 may have a different number of
nanopores 130, e.g., from two to several hundred nano-
pores. While the nanopores 130 in FIG. 3A shows the
nanopores 130 being arranged in three rows, in other
embodiments, the nanopores 130 may have a different
arrangement.

[0024] FIG. 3B is a cross section of the compore 120
through line A-A’ shown in FIG. 3A. The compore cross-
section includes three nanopores 130a, 130b, and 130c
that pass through the semiconductor substrate 110. In
this embodiment, one side of the nanopore structure is
characterized by a depression formed by the top of the
thinner central region and the compore sidewalls. For
convenience, this side will be referred to as the top side,
and the reverse side will be referred to as the bottom
side. Either the top side or the bottom side may be ex-
posed to the liquid sample, and the other side is typically
exposed to a buffer. In FIG. 3B, an upper electrode 330
is formed on the top surface of the compore 120 and a
lower electrode 340 is formed on the bottom surface.
However, one or both of these electrodes may be mount-
ed externally to the chip, e.g. in the chip receptacle, in
alternative embodiments.

[0025] The upper electrode 330 and lower electrode
340 form the electrode structure for applying the electric
field to the compore 120 and for conducting the aggregate
current through the nanopores 130. Because all of the
nanopores 130 in the compore 120 are in close proximity
to each other, the electrode structure comprising the up-
per electrode 330 and lower electrode 340 located to the
side of the nanopores 130 may be sufficient to apply an
electric field across all of the nanopores 130 and to detect
an aggregate current through all of the nanopores 130.
In alternative embodiments, the electrode structure may
be more complex. For example, the upper electrode 330
may have a portion to the left of the nanopore 130a or
encircling all of the nanopores (as shown in FIG. 1). The
upper electrode 330 may also extend into the areas be-
tween the nanopores 130a-130c. Similarly, the lower
electrode 340 may have an additional portion formed to
the left of the nanopore 130a, encircling the nanopores,
and/or extending into the areas between the nanopores
130a-130c.

[0026] The upper electrode 330 and lower electrode
340 are connected to a voltage source 350 and a current
detector 360. The voltage source 350 supplies a selected
voltage to the upper and lower electrodes 340, which
creates the electric field across all of the nanopores 130
in the compore 120. The current detector 360 detects the
aggregate current flowing through all the nanopores 130
in the compore 120. The voltage source 350 and the cur-
rent detector 360 may use different electrodes.

[0027] In some embodiments, the voltage source 350
and/or current detector 360 are incorporated into the na-
nosensor chip 100. In such embodiments, the nanosen-
sor chip 100 may further include a controller for control-
ling the voltage source 350 and the current detector 360.

10

15

20

25

30

35

40

45

50

55

For example, the controller may control the voltage
source 350 to vary the applied voltage, in amplitude or
frequency. Different patterns of applied voltages (i.e.,
electric fields) may be used to probe for different target
molecules. From the current detector 360, the controller
may determine whether there is a change in the meas-
ured aggregate current through the compore 120 as a
function of the applied voltage. For example, the control-
ler may instruct the voltage source 350 to apply a series
of different voltages across the compore 120 and, for
each voltage, detect a level of change in the measured
aggregate current. The controller may generate a signal
indicating the current detected by the current detector
360 or indicating the determined change in detected cur-
rent and transmit this signal to an off-chip processor for
further processing. The controller may be implemented
on the nanosensor chip and/or as part of an external de-
vice or component.

[0028] FIG. 4 is a cross-section of a single nanopore
130 of the compore 120. The compore 130 has an upper
opening 410 at the top of the nanopore 130 and a lower
opening 430 at the bottom of the nanopore 130. The up-
per opening 410 has an upper diameter 415, and the
lower opening 430 has a lower diameter 435. The upper
diameter 420 may be in the range of 1 nanometers to
300 nanometers. In this example, the lower diameter 440
is smaller than the upper diameter 420, and may be less
than 300 nanometers. However, in other embodiments,
the nanopore may be "flipped" so that the upper opening
is smaller. The nanopore 130 has a height 450, which is
the same as the height of the thinned central region 210
of the nanopore. The height 450 of the nanopore may be
1 micron or less. The nanopore has a sidewall extending
between the upper opening 410 and the lower opening
430. The sidewall slope is defined by the angle 6, which
may be between 6° and 60°. In other embodiments, the
sidewall is not straight as shown in FIG. 4, but may be
curved or have some other shape.

[0029] FIGs. 5A and 5B are cross-sections that show
operation of a nanopore. FIG. 5A shows a nanopore 130
having probe molecules 520 affixed to the sidewall. As
shown in FIG. 5A, the probe molecules are affixed to the
sidewall near the smaller opening, i.e., the lower opening
430 shown in FIG. 4. The probe molecules 520 may ex-
tend up the entire sidewall, or may be concentrated in a
portion of the sidewall, e.g., along a lower portion of the
sidewall near the lower opening 430. The probe mole-
cules 520 may be attached to the sidewall of the nano-
pore 130 by covalent binding, non-covalent binding, or
physisorption.

[0030] Inthe example shown in FIGs. 5A and 5B, the
nanopore 130 is exposed to a liquid sample that includes
a target molecule 530. In the example shown in FIG. 5A,
the sample with the target molecule is located below the
nanopores 130. As described above, in other embodi-
ments, the sample containing the target molecule may
be located on the other side of the nanopores 130. FIG.
5A shows the nanopore without the proper electric field
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applied. In this condition, the target molecules 530 re-
main separated from the probe molecules 520.

[0031] FIG. 5B shows the same nanopore after a spe-
cific electric field has been applied across the compore.
In the presence of this electric field, the target molecules
530 are attracted inside the nanopore, and individual tar-
get molecules 530 bind to corresponding probe mole-
cules 520 to form probe/target bonds 540. This binding
creates an ionic current change in current across the na-
nopore 130. The other nanopores in the compore are
also functionalized with the same probe molecules 520
and exposed to the same sample and electric field, so
other target molecules 530 in the sample flow into the
other nanopores to form additional probe/target bonds
540 across the compore. The probe/target bonds 540
across the nanopores of the compore create an aggre-
gate ionic current change that is measurable by the cur-
rent sensor.

[0032] When the electric field is removed or changed,
the target molecules 530 release from the probe mole-
cules 520. The target molecules 530 may flow out the
nanopore 130, reverting to the arrangement shown in
FIG. 5A. The probe/target bond 540 is reversible, so that
when the compore is subjected to a varying voltage, the
target molecules 530 continually bind and release from
the probe molecules 520. The probe molecules 520 re-
main affixed to the sidewalls of the nanopores after use
of the compore 120, e.g., after the target molecules 530
bind and thenrelease, and through resetting the compore
120 with a buffer liquid. Because the probe molecules
520 remain affixed after use, the compore 120 can be
reused for multiple samples.

[0033] For some applications, the nanopores of a sin-
gle compore 120 are functionalized with two or more dif-
ferent probe molecules. The probe molecules may be a
same category of molecule (e.g., two antibodies) or dif-
ferent categories of molecules (e.g., one antibody and
one protein). This allows a single compore 120 to be used
to detect multiple different types of target molecules. In
one exemplary application, a first probe molecule pairs
with a first target molecule at a first electric field strength
(e.g., +0.2 volts), a second probe molecule pairs with a
second target molecule at a second electric field strength
(e.g., +0.4 volts), and a third probe molecule pairs with
a third target molecule at a third electric field strength
(e.g., +0.6 volts). A sequence of different electric fields
can be applied to the compore 120 to determine if any
of the three target molecules are present in the sample.
This allows the compore 120 to be used to efficiently
perform multiple tests simultaneously on a single sample
with a single sensor.

[0034] For other applications, the probe molecules
may be selected so that multiple target-probe pairings
are able to bind at the same range of voltages. This con-
figuration may be used to detect the presence of any of
a set of target molecules, e.g., a set of multiple potential
contaminants within a food product, or a set of target
antibodies in a blood sample. By using multiple target-
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probe pairings thatbind at the same voltage, the compore
120 can efficiently identify a negative result for a sample.
For some applications, if a positive result is obtained,
further testing may be performed to determine which tar-
get molecule is present after an initial positive result is
obtained.

[0035] Including multiple nanopores 130 in a single
compore 120 allows the compore 120 to be functional-
ized with more types of probe molecules than prior sen-
sors. An entire wafer of nanosensor chips may be accu-
rately spotted in parallel with probe molecules using a
specialized high-resolution printer. This enables produc-
tion of multiplex tests and test panels at low cost. Addi-
tionally, compores 120 may be functionalized to detect
positive and negative controls for validation and calibra-
tion, as well as markers to authenticate and verify the
integrity of the nanosensor chip and reagents.

[0036] FIGs. 6A and 6B are graphs that illustrate op-
eration of a compore. FIG. 6A is a graph showing the
behavior of the compore when there are no target mol-
ecules present and FIG. 6B shows the response with
target molecules. In this example, the voltage source 350
generates a square-wave current first at a voltage of -400
millivolts (mV), then at -200 mV, at 0 mV, and at +200
mV. Each specific pair of probe and target molecule will
have a specific voltage at which they will bind. This
changes the electrical characteristics of the nanopore
130 opening, which alters the current, as shown in FIG.
6B where the specific voltage is -200 mV. Compared to
FIG. 6A, the strength of the output current changes. This
indicates that the target molecules are binding to the
probe molecules in the presence of the -200 mV electric
field, so the target molecules that bind to probe molecules
at -200 mV are present in the sample. The magnitude of
the change in current may also indicate the concentration
of target molecules in the sample. If a variable voltage is
used, the target molecules may bind and release from
the probe molecules. Certain target molecules may not
bind and release. Instead, these may bind and remain
bound.

[0037] While the compore 120 depicted in FIGs. 1-3
has a circular shape and circular nanopores 130, in other
embodiments, the compore 120 and/or nanopores 130
may have different shapes and the nanopores may be
arranged differently within the compore. FIG. 7 is a top
view showing a first alternative arrangement of nanop-
ores within a compore. FIG. 7 depicts a square compore
720 that has square nanpores 730. In other embodi-
ments, the compore 720 may be shaped as an oval, a
rectangle, another polygon, or some other shape. Simi-
larly, the nanopores 730 may be oval, rectangular, some
other polygon, or have some other shape. The shape of
the nanopores 730 may be different from the shape of
the compore 720.

[0038] FIG. 8 is a top view showing a second alterna-
tive arrangement of nanopores within a compore. While
the compores 120 and 720 had nanopores of a consistent
size, in other embodiments, the nanopores in a single
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compore may have different sizes. FIG. 8 depicts a com-
pore 820 that has nanopores 830 of multiple different
sizes, including a small nanopore 830A and a large na-
nopore 830B. The differently-sized nanopores 830 may
have sloped sidewalls with the same angle (e.g., each
has a sidewall angle of 10°) or different angles. In some
embodiments, using multiple different sized nanopores
can improve the sensitivity and dynamic range of the na-
Nnosensor.

[0039] FIG. 9is across-section of a compore 900 fab-
ricated using semiconductor technology. The structure
of the compore 900 is similar to the compore shown in
FIG. 3. The compore 900 includes a layer of silicon 910,
which is an example of the semiconductor substrate 110.
In other embodiments, other semiconductor materials
may be used in place of silicon 910. Alternatively, the
nanosensor can be implemented on a substrate of glass,
plastic, film or other non-conducting or semiconducting
material. Various etching processes may be used to thin
the substrate to form the compore central regions in the
silicon 910, e.g., wet etching or dry etching. A separate
process such as ion-beam lithography may be used to
form the nanopores. While only one compore 900 is
shown in FIG. 9, multiple compores may be formed and
an electrode structure laid out, as shown in FIG. 1.
[0040] Two layers of silicon nitride 920 and 930 are
deposited on the top and bottom, respectively, of the sil-
icon 910. Various deposition processes for silicon nitride
may be used to deposit the two layers of silicon nitride
920 and 930, e.g., chemical vapor deposition or plasma-
enhanced chemical vapor deposition. While layers of sil-
icon nitride 920 and 930 for only one compore 900 are
shown in FIG. 9, the layers of silicon nitride 920 and 930
may extend across the nanosensor chip for each of the
compores included in the nanosensor chip.

[0041] Two layers of electrodes 940 and 950 are de-
posited on the upper layer of silicon nitride 920 and the
lower layer of silicon nitride 930, respectively. The elec-
trode layers 940 and 950 may be formed from any con-
ductive material, e.g., copper, silver or platinum. Various
deposition process for depositing the conductive material
may be used to deposit the two layers of electrodes 940
and 950, e.g., evaporation or chemical vapor deposition.
In this embodiment, the layers of electrodes 940 and 950
are arranged on either side of the compore 900. In other
embodiments, the electrodes 940 and 950 may be laid
out differently on the compore 900, as described with
respect to FIG. 3. For example, in other embodiments,
the electrode 940 may also be formed on the silicon side-
walls and/or on the surface of the thinned silicon. Each
compore included in the nanosensor chip may have a
similar electrode structure. In other embodiments, any of
the electrodes may be located off-chip, in a separate
component such as the chip receptacle in which the chip
is mounted.

[0042] FIG. 10isablock diagram of a detection system
1000 thatincludes a nanosensor chip. The detection sys-
tem 1000 includes a nanosensor chip 1010, a chip re-
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ceptacle 1020, a voltage source 1030, a current detector
1040, a controller 1050, a user interface 1060, a display
1070, and a communications interface 1080. Other com-
ponents (not shown) may include processors, memory,
digital-to-analog converters, and analog-to-digital con-
verters. In other embodiments, the detection system
1000 has additional, alternative, or fewer components
than shown in FIG. 10.

[0043] The nanosensor chip 1010, as described with
respect to FIGs. 1-9, has one or more compores. The
chip receptacle 1020 is configured to receive and hold
the nanosensor chip 1010 and form electrical connec-
tions between components of the nanosensor chip 1010
and other components of the detector system 1000. For
example, the chip receptacle 1020 may include elec-
trodes configured to connect to the electrode structures
140 shown in FIG. 1. The chip receptacle 1020 may also
have one or more fluid connections to the nanosensor
chip 1010, e.g., to transfer one or more liquid samples
to the compores of the nanosensor chip 1010, or to trans-
fer a buffer liquid to the compores of the nanosensor chip
1010.

[0044] The voltage source 1030 generates the electric
field supplied by the electrodes to the compores. The
voltage source 1030 may be a variable voltage source
that generates a varying current at a range of voltages
to one or more compores. In some embodiments, the
voltage source 1030 is integrated into the nanosensor
chip 1010. The detection system 1000 may have one
voltage source 1030 or multiple voltage sources, e.g.,
one voltage source for each compore included in the na-
nosensor chip 1010. If the detection system 1000 has
fewer voltage sources than compores, the nanosensor
chip 1010 may have a switching mechanism to apply the
voltage to one compore at a time, or the nanosensor chip
1010 may be configured to apply the same voltage to two
or more compores simultaneously.

[0045] The current detector 1040 detects a current
through a compore. In some embodiments, the current
detector 1040 is integrated into the nanosensor chip
1010. The detection system 1000 may have one current
detector 1040, e.g., one current detector for each com-
poreincluded in the nanosensor chip 1010. Alternatively,
it may have multiple current detectors. If the detection
system 1000 has fewer current detectors than compores,
the nanosensor chip 1010 may include a switching mech-
anism that allows the current detector to individually ad-
dress a selected compore.

[0046] The controller 1050 controls the voltage source
1030 and the current detector 1040. The controller 1050
may be similar to the controller described with respect to
FIG. 3. The controller 1050 may be integrated into the
nanosensor chip 1050, or may be part of a separate com-
ponent or device. The detection system 1000 may have
one controller 1050 for controlling all of the voltage sourc-
es, current detectors, and any switching mechanisms in-
cluded in the detection system 1000. Alternatively, the
detection system 1000 may have multiple controllers
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1050, e.g., one for each compore. In addition to control-
ling the voltage source 1030 and current detector 1040,
the controller 1050 is also configured to interact with other
components of the detection system, e.g., the userinter-
face 1060, the display 1070, and the communications
interface 1080.

[0047] The userinterface 1060 is configured to receive
user input, e.g., a command from a user to start an anal-
ysis of a sample, or parameters for analyzing a sample.
For example, the user interface 1060 may receive pa-
rameters describing one or more voltages to be applied
to a compore, or an indication of a testing procedure that
is pre-programmed with a set of voltages to be run on
the compore. The userinterface 1060 passes these com-
mands or parameters to the controller 1050. The user
interface 1060 may include buttons, a keyboard, a touch
screen, a microphone and voice recognition software, or
any other suitable mechanism for receiving input from a
user. Alternately, the detection system 1000 may receive
commands and parameters from a mobile phone app,
tablet, PC, or web application, or from an automated ex-
ternal control system.

[0048] The display 1070 provides visual output to a
user regarding tests run by the detection system 1000.
For example, the display 1070 may be used in conjunc-
tion with the user interface 1060 and the controller 1050
to display options to a user, which can be selected by
the user. The display 1070 may also output test results
generated by the controller 1050, e.g., whether a given
target molecule is detected in a sample, or a concentra-
tion of a target molecule detected in a sample.

[0049] The communications interface 1080 may allow
the detection system 1000 to communicate with one or
more other devices over a network, e.g., a local network
orthe Internet, or by means of a serial or parallel, wireless
or wired, interface such as Bluetooth, USB or other com-
munication protocols. For example, the communications
interface 1080 may upload results of a test performed by
the detection system 1000 to another device or compo-
nent for further processing, or may upload test results to
a database.

[0050] As used herein any reference to "one embodi-
ment" or "an embodiment" means that a particular ele-
ment, feature, structure, or characteristic described in
connection with the embodiment is included in at least
one embodiment. The appearances of the phrase "inone
embodiment” in various places in the specification are
not necessarily all referring to the same embodiment.
[0051] As used herein, the terms "comprises," "com-
prising," "includes," "including," "has," "having" or any
other variation thereof, are intended to cover a non-ex-
clusive inclusion. For example, a process, method, arti-
cle, or apparatus that comprises a list of elements is not
necessarily limited to only those elements but may in-
clude other elements not expressly listed or inherent to
such process, method, article, or apparatus. Further, un-
less expressly stated to the contrary, "or" refers to an
inclusive or and not to an exclusive or. For example, a
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condition A or B is satisfied by any one of the following:
A'is true (or present) and B is false (or not present), A is
false (or not present) and B is true (or present), and both
A and B are true (or present).

[0052] In addition, use of the "a" or "an" are employed
to describe elements and components of the embodi-
ments herein. This is done merely for convenience and
to give a general sense of the disclosure. This description
should be read to include one or at least one and the
singular also includes the plural unless it is obvious that
it is meant otherwise.

Claims

1. A nanosensor chip (100) for detecting or quantifying
target molecules (530) in a liquid sample, the nano-
sensor chip (100) comprising:

a substrate (110) with one or more compound
nanopores ("compores”, 120), wherein each
compore (120) comprises an aperture formed in
the substrate (110) with a central region (210)
that is thinner than the surrounding substrate
(110) and comprises therein a plurality of nan-
opores (130a, 130b, 130c),

characterized in that each of the nanopores
(130a, 130b, 130c) has a larger opening (410)
and a smaller opening (430), and each of the
nanopores (130a, 130b, 130c) is functionalized
with a plurality of immobilized probe molecules
(520) affixed to a sidewall of the nanopore; and
for each compore (120), a corresponding elec-
trode structure (140) having a shape that sur-
rounds the plurality of nanopores (130a, 130b,
130c) and is arranged to conduct an aggregate
current through the plurality of nanopores (130a,
130b, 130c), whereby the aggregate current
changes in response to binding of target mole-
cules (530)in the liquid sample to the probe mol-
ecules (520).

2. The nanosensor chip (100) of claim 1, wherein the
substrate (110) comprises multiple compores (120).

3. The nanosensor chip (100) of claim 1, wherein the
electrode structure (140) for each compore (120) in-
cludes a first electrode (330) laid out on one side of
the substrate (110) and a second electrode (340) on
an opposite side of the substrate (110), wherein the
first electrode (330) surrounds the plurality of nano-
pores (130a, 130b, 130c) and the first and second
electrodes (330, 340) are arranged to create an elec-
tric field across the plurality of nanopores (130a,
130b, 130c) and to conduct current through the plu-
rality of nanopores (130a, 130b, 130c).

4. The nanosensor chip (100) of any one of claims 1,
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2, or 3, wherein the probe molecules (520) are se-
lected from the group consisting of antibodies, anti-
body analogs, proteins, aptamers, polymers, oligo-
nucleotides, and nanobodies.

The nanosensor chip (100) of claim 4, wherein the
substrate (110) comprises multiple compores (120)
functionalized with different probe molecules (520).

The nanosensor chip (100) of claim 4, wherein the
substrate (110) comprises multiple compores (120)
functionalized with the same probe molecules (520).

The nanosensor chip (100) of claim 1, wherein the
substrate (110) comprises a semiconductor materi-
al.

The nanosensor chip (100) of claim 1, wherein the
probe molecules (520) are attached to the nanop-
ores (130a, 130b, 130c) by covalent binding, non-
covalent binding, or physisorption.

A method for detecting or quantifying target mole-
cules (530) in a liquid sample, the method compris-

ing:

(a) providing a nanosensor chip (100) compris-
ing a substrate (110) with one or more com-
pound nanopores ("compores"”, 120), wherein
each compore (120) comprises an aperture
formed in the substrate (110) with a plurality of
nanopores (130a, 130b, 130c) formed there-
through, wherein the nanopores (130a, 130b,
130c) are functionalized with immobilized probe
molecules (520) that specifically bind to target
molecules (530);

(b) allowing target molecules (530) in the liquid
sample to bind to the immobilized probe mole-
cules (520);

characterized in that the compore (120) further
comprising an electrode structure (140) configured
to apply a voltage across all the nanopores (130a,
130b, 130c) in the compore (120); and the method
further comprises the steps of:

(c) using the electrode structure (140) to apply
arange of voltages from a voltage source across
all of the plurality of nanopores (130a, 130b,
130c) in the compore (120), such that specific
binding of target molecules (530) to probe mol-
ecules (520) varies as a function of an electric
field applied across the plurality of nanopores
(130a, 130b, 130c); and

(d) detecting an aggregate current flowing
through all of the plurality of nanopores (130a,
130b, 130c) in the compore (120) in response
to the voltages, using a current sensor connect-
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10.

1.

12.

13.

14.

15.

edtotheelectrode structure (140), wherein bind-
ing of target molecules (530) to probe molecules
(520) causes a change in the aggregate current,
and thereby indicates a presence or concentra-
tion of the target molecules (530) in the liquid
sample.

The method of claim 9, wherein (c) comprises ap-
plying voltages simultaneously to the plurality of
compores (120).

The method of claim 9, the method further compris-
ing the steps of removing any bound target mole-
cules (530) from the nanosensor chip (100) and re-
using the nanosensor chip (100).

The method of claim 9, the method further compris-
ing the step of applying the liquid sample in the form
of blood, saliva, spinal liquid, urine, food, beverage,
or water.

The method of claim 9, the method further compris-
ing the step of applying an alternating positive and
negative voltage across the plurality of nanopores
(130a, 130b, 130c), whereby target molecules (530)
dissociate from the probe molecules (520).

The method of claim 9, the method further compris-
ing the step of measuring change of the aggregate
currents at different voltages to determine a concen-
tration of target molecules (530) in the sample.

The method of claim 9, the method further compris-
ing the step of detecting different targets in the sam-
ple by using compores (120) containing different
probe molecules (520).

Patentanspriiche

1.

Ein Nanosensor-Chip (100) zum Nachweisen oder
Quantifizieren von Zielmolekulen (530) in einer flis-
sigen Probe, wobei der Nanosensor-Chip (100) Fol-
gendes beinhaltet:

ein Substrat (110) mit einer oder mehreren Ver-
bund-Nanoporen ("Comporen", 120), wobei je-
de Compore (120) eine in dem Substrat (110)
gebildete Apertur mit einer Zentralregion (210)
beinhaltet, die diinner als das umgebende Sub-
strat (110) ist und darin eine Vielzahl von Nano-
poren (130a, 130b, 130c) beinhaltet,

dadurch gekennzeichnet, dass jede der Na-
noporen (130a, 130b, 130c) eine grékere Off-
nung (410) und eine kleinere Offnung (430) auf-
weist und jede der Nanoporen (130a, 130b,
130c) mit einer Vielzahl von immobilisierten
Sondenmolekilen (520) funktionalisiert ist, die
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an einer Seitenwand der Nanopore befestigt
sind; und

fur jede Compore (120) eine entsprechende
Elektrodenstruktur (140) eine Gestalt aufweist,
die die Vielzahl von Nanoporen (130a, 130b,
130c) umgibt und so angeordnet ist, dass sie
einen Summenstrom durch die Vielzahl von Na-
noporen (130a, 130b, 130c) leitet, wodurch der
Summenstrom sich als Reaktion darauf, dass
die Zielmolekiile (530) in der fliissigen Probe an
die Sondenmolekiile (520) binden, andert.

Nanosensor-Chip (100) gemaR Anspruch 1, wobei
das Substrat (110) mehrere Comporen (120) bein-
haltet.

Nanosensor-Chip (100) gemaR Anspruch 1, wobei
die Elektrodenstruktur (140) fir jede Compore (120)
eine erste Elektrode (330), die auf einer Seite des
Substrats (110) ausgelegt ist, und eine zweite Elek-
trode (340) auf einer gegeniiberliegenden Seite des
Substrats (110) umfasst, wobei die erste Elektrode
(330) die Vielzahlvon Nanoporen (130a, 130b, 130c)
umgibtund die erste und zweite Elektrode (330, 340)
so angeordnet sind, dass sie ein elektrisches Feld
Uber die Vielzahl von Nanoporen (130a, 130b, 130c)
hinweg erzeugen und Strom durch die Vielzahl von
Nanoporen (130a, 130b, 130c) leiten.

Nanosensor-Chip (100) gemaR einem der Anspri-
che 1, 2 oder 3, wobei die Sondenmolekile (520)
aus der Gruppe ausgewahlt sind, die aus Antikor-
pern, Antikbrperanaloga, Proteinen, Aptameren, Po-
lymeren, Oligonukleotiden und Nanokérpern be-
steht.

Nanosensor-Chip (100) gemaR Anspruch 4, wobei
das Substrat (110) mehrere Comporen (120) bein-
haltet, die mit verschiedenen Sondenmolekilen
(520) funktionalisiert sind.

Nanosensor-Chip (100) gemaR Anspruch 4, wobei
das Substrat (110) mehrere Comporen (120) bein-
haltet, die mit den gleichen Sondenmolekilen (520)
funktionalisiert sind.

Nanosensor-Chip (100) gemaR Anspruch 1, wobei
das Substrat (110) ein Halbleitermaterial beinhaltet.

Nanosensor-Chip (100) gemaR Anspruch 1, wobei
die Sondenmolekiile (520) durch kovalente Bindung,
nichtkovalente Bindung oder Physisorption mit den
Nanoporen (130a, 130b, 130c) verbunden sind.

Ein Verfahren zum Nachweisen oder Quantifizieren
von Zielmolekilen (530) in einer flissigen Probe,
wobei das Verfahren Folgendes beinhaltet:
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10.

1.

12.

(a) Bereitstellen eines Nanosensor-Chips (100),
der ein Substrat (110) mit einer oder mehreren
Verbund-Nanoporen ("Comporen”, 120) bein-
haltet, wobei jede Compore (120) eine in dem
Substrat (110) gebildete Apertur mit einer Viel-
zahl von dadurch ausgebildeten Nanoporen
(130a, 130b, 130c) beinhaltet, wobei die Nano-
poren (130a, 130b, 130c) mit immobilisierten
Sondenmolekilen (520), die spezifisch an Ziel-
molekule (530) binden, funktionalisiert sind;
(b) Bindenlassen der Zielmolekile (530) in der
flissigen Probe an die immobilisierten Sonden-
molekile (520);

dadurch gekennzeichnet, dass die Compore (120)
ferner eine Elektrodenstruktur (140) beinhaltet, die
dazu ausgelegt ist, eine Spannung Uber alle Nano-
poren (130a, 130b, 130c) in der Compore (120) hin-
weg anzulegen; und wobei das Verfahren ferner die
folgenden Schritte beinhaltet:

(c) Verwenden der Elektrodenstruktur (140), um
einen Bereich von Spannungen von einer Span-
nungsquelle tber alle der Vielzahl von Nanopo-
ren (130a, 130b, 130c) in der Compore (120)
hinweg anzulegen, sodass das spezifische Bin-
den von Zielmolekilen (530) an Sondenmole-
kile (520) in Abhangigkeit von einem uber die
Vielzahl von Nanoporen (130a, 130b, 130c) hin-
weg angelegten elektrischen Feld variiert; und
(d) Nachweisen eines Summenstroms, der als
Reaktion auf die Spannungen durch alle der
Vielzahl von Nanoporen (130a, 130b, 130c) in
der Compore (120) flief3t, unter Verwendung ei-
nes an die Elektrodenstruktur (140) angeschlos-
senen Stromsensors, wobei das Binden von
Zielmolekilen (530) an Sondenmolekiile (520)
eine Anderung des Summenstroms bewirkt und
dadurch ein Vorliegen oder eine Konzentration
der Zielmolekile (530) in der flissigen Probe
anzeigt.

Verfahren gemaf Anspruch 9, wobei (c) das gleich-
zeitige Anlegen von Spannungen an die Vielzahl von
Comporen (120) beinhaltet.

Verfahren gemaf Anspruch 9, wobei das Verfahren
ferner die Schritte des Entfernens gebundener Ziel-
molekdle (530) von dem Nanosensor-Chip (100)und
des Wiederverwendens des Nanosensor-Chips
(100) beinhaltet.

Verfahren gemaf Anspruch 9, wobei das Verfahren
ferner den Schritt des Aufbringens der fliissigen Pro-
be in Form von Blut, Speichel, Riickenmarksfliissig-
keit, Urin, Nahrungsmittel, Getrank oder Wasser be-
inhaltet.
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Verfahren geman Anspruch 9, wobei das Verfahren
ferner den Schritt des Anlegens einer alternierenden
positiven und negativen Spannung Uber die Vielzahl
von Nanoporen (130a, 130b, 130c) hinweg beinhal-
tet, wodurch die Zielmolekiile (530) von den Son-
denmolekiilen (520) dissoziieren.

Verfahren geman Anspruch 9, wobei das Verfahren
ferner den Schritt des Messens der Anderung der
Summenstréme bei verschiedenen Spannungen
beinhaltet, um eine Konzentration von Zielmolekilen
(530) in der Probe zu bestimmen.

Verfahren geman Anspruch 9, wobei das Verfahren
ferner den Schritt des Nachweisens verschiedener
Ziele in der Probe durch Verwenden von Comporen
(120), die verschiedene Sondenmolekiile (520) ent-
halten, beinhaltet.

Revendications

Une puce de nanocapteur (100) pour détecter ou
quantifier des molécules cibles (530) dans un échan-
tillon liquide, la puce de nanocapteur (100)
comprenant :

un substrat (110) avec un ou plusieurs nanopo-
res composés (« compores », 120), ou chaque
compore (120) comprend une ouverture formée
dans le substrat (110) avec une région centrale
(210) qui est plus mince que le substrat (110)
environnant et comprend dans celle-ci une plu-
ralité de nanopores (130a, 130b, 130c),
caractérisée en ce que chacun des nanopores
(130a, 130b, 130c) a une percée plus grande
(410) et une percée plus petite (430), et chacun
des nanopores (130a, 130b, 130c) est fonction-
nalisé avec une pluralité de molécules sondes
(520) immobilisées fixées a une paroi latérale
du nanopore ; et

pour chaque compore (120), une structure
d’électrode (140) correspondante ayant une for-
me qui entoure la pluralité de nanopores (130a,
130b, 130c) et est agencée pour conduire un
courant agrégé a travers la pluralité de nanopo-
res (130a, 130b, 130c), moyennant quoi le cou-
rant agrégé change en réponse a la liaison de
molécules cibles (530) dans I'échantillon liquide
aux molécules sondes (520).

La puce de nanocapteur (100) de la revendication
1, ou le substrat (110) comprend de multiples com-
pores (120).

La puce de nanocapteur (100) de la revendication
1, oula structure d’électrode (140) pour chaque com-
pore (120) inclut une premiere électrode (330) dis-
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1"

posée sur un cété du substrat (110) et une deuxieme
électrode (340) sur un coté opposé du substrat (110),
ou la premiere électrode (330) entoure la pluralité
de nanopores (130a, 130b, 130c) et les premiére et
deuxieme électrodes (330, 340) sont agencées pour
créer un champ électrique sur la pluralité de nano-
pores (130a, 130b, 130c) et pour conduire un cou-
rant a travers la pluralité de nanopores (130a, 130b,
130c).

La puce de nanocapteur (100) de n’importe laquelle
des revendications 1, 2 ou 3, ou les molécules son-
des (520) sont sélectionnées dans le groupe cons-
titué d’anticorps, d’analogues d’anticorps, de protéi-
nes, d’aptameéres, de polymeéres, d’oligonucléotides,
et de nanocorps.

La puce de nanocapteur (100) de la revendication
4, ou le substrat (110) comprend de multiples com-
pores (120) fonctionnalisés avec différentes molé-
cules sondes (520).

La puce de nanocapteur (100) de la revendication
4, ou le substrat (110) comprend de multiples com-
pores (120) fonctionnalisés avec les mémes molé-
cules sondes (520).

La puce de nanocapteur (100) de la revendication
1, ou le substrat (110) comprend un matériau semi-
conducteur.

La puce de nanocapteur (100) de la revendication
1, ou les molécules sondes (520) sont attachées aux
nanopores (130a, 130b, 130c) par liaison covalente,
liaison non covalente ou physisorption.

Un procédé pour détecter ou quantifier des molécu-
les cibles (530) dans un échantillon liquide, le pro-
cédé comprenant le fait de :

(a) fournir une puce de nanocapteur (100) com-
prenant un substrat (110) avec un ou plusieurs
nanopores composés (« compores », 120), ou
chaque compore (120) comprend une ouverture
formée dans le substrat (110) avec une pluralité
de nanopores (130a, 130b, 130c) formés a tra-
vers celui-ci, ou les nanopores (130a, 130b,
130c) sont fonctionnalisés avec des molécules
sondes (520) immobilisées qui se lient spécifi-
quement a des molécules cibles (530) ;

(b) laisser des molécules cibles (530) dans
I’échantillon liquide se lier aux molécules son-
des (520) immobilisées ;

caractérisé en ce que le compore (120) comprend
en outre une structure d’électrode (140) configurée
pour appliquer une tension sur tous les nanopores
(130a, 130b, 130c) dans le compore (120) ; etle pro-
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cédé comprenant en outre les étapes consistant a :

(c) utiliser la structure d’électrode (140) pour ap-
pliquer une gamme de tensions provenantd’'une
source de tension sur tous les nanopores de la
pluralité de nanopores (130a, 130b, 130c) dans
le compore (120), de sorte que la liaison spéci-
fique de molécules cibles (530) a des molécules
sondes (520) varie en fonction d’'un champ élec-
trique appliqué sur la pluralité de nanopores
(130a, 130b, 130c) ; et

(d) détecter un courant agrégé circulant a tra-
vers tous les nanopores de la pluralité de nano-
pores (130a, 130b, 130c) dans le compore (120)
en réponse aux tensions, a 'aide d’'un capteur
de courant connecté a la structure d’électrode
(140), ou la liaison de molécules cibles (530) a
des molécules sondes (520) entraine un chan-
gement du courant agrégé, ce qui indique une
présence ou une concentration des molécules
cibles (530) dans I'échantillon liquide.

Le procédé de la revendication 9, ou (c) comprend
le fait d’appliquer des tensions simultanément a la
pluralité de compores (120).

Le procédé de la revendication 9, le procédé com-
prenant en outre les étapes consistant a retirer les
molécules cibles (530) liées de la puce de nanocap-
teur (100) et a réutiliser la puce de nanocapteur
(100).

Le procédé de la revendication 9, le procédé com-
prenant en outre I'étape consistant a appliquer
I’échantillon liquide sous la forme de sang, de salive,
de liquide rachidien, d’'urine, d’aliment, de boisson,
ou d’eau.

Le procédé de la revendication 9, le procédé com-
prenant en outre I'étape consistant a appliquer une
tension positive et négative alternative surla pluralité
de nanopores (130a, 130b, 130c), moyennant quoi
des molécules cibles (530) se dissocient des molé-
cules sondes (520).

Le procédé de la revendication 9, le procédé com-
prenant en outre I'étape consistant a mesurer un
changementdes courants agrégés a différentes ten-
sions afin de déterminer une concentration de mo-
lécules cibles (530) dans I'échantillon.

Le procédé de la revendication 9, le procédé com-
prenant en outre I'étape consistant a détecter diffé-
rentes cibles dans I'échantillon en utilisant des com-
pores (120) contenant différentes molécules sondes
(520).
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